Background: Cancer patients receiving chemotherapy are at increased risk of thrombosis. Nadroparin has been demonstrated to reduce the incidence of venous and arterial thrombotic events (TEs) by about 50% in cancer outpatients receiving chemotherapy. The aims of this retrospective analysis were to evaluate the thromboembolic risk and the benefit of thromboprophylaxis according to type of chemotherapy. Methods: Cancer outpatients were randomly assigned to receive subcutaneous injections of nadroparin or placebo. The incidence of symptomatic TEs was assessed according to the type of chemotherapy. Results were reported as risk ratios with associated 95% CI and two-tailed probability values.
Background
Cancer patients are at increased risk of thrombosis [1] . Thromboembolic complications may be the first manifestation of malignancy and are associated with a high rate of morbidity and mortality [2] . Thromboembolic events (TEs) occur in 4-20% of patients with cancer [3] . Evidences of thrombosis have been reported in up to 50% of cancer patients in autoptic series [4] . TEs and infections are the second cause of death in cancer patients after the cancer itself [5] .
Large studies have suggested that some solid malignancies including pancreatic, lung, colon, ovarian, primary hepatic and brain cancer are associated with a higher risk of TEs [6, 7] . Risk factors, such as age, gender, bed-rest, venous catheters, surgery, radiotherapy and infections, also increase the risk of thrombosis in cancer patients [8] .
Epidemiological studies have identified chemotherapy as an additional risk factor for a hypercoagulability state and thrombosis [9] . The pathophysiology of chemotherapy-related TEs may involve a variety of mechanisms * Correspondence: gasparini.oncology@hotmail.it 7 Oncology Department, San Filippo Neri Hospital, via Martinotti 20, Rome, 00135, Italy Full list of author information is available at the end of the article that include enhanced procoagulant activity, reduced anticoagulant synthesis, stimulation of platelet aggregation and endothelial damage [10] . In a population-based study, chemotherapy was associated with risk of venous TEs that was increased 6.5-fold compared to non-cancer patients [11] . Platinum analogues, anthracyclines and fluoropyrimidines are agents mostly associated with a pro-thrombotic effect. In a prospective study, platinumbased regimens were significantly associated with venous TEs [12] . Even within this class of agents, rates of TEs seem to be higher in patients receiving cisplatin compared to oxaliplatin [13] . Gemcitabine has also been associated with remarkable thrombotic and vascular side effects [14] . Lastly, venous thromboembolic disease and catheter-related thrombosis have been documented in patients receiving 5-fluorouracil [15] [16] [17] [18] . The use of concomitant steroids, erythropoietin preparations and granulocyte colony-stimulating factors (G-CSF) has also been associated with an increased incidence of TEs in cancer patients [9] .
Recently, Agnelli et al [19] demonstrated that nadroparin almost halved, from 3.9% to 2.0%, the absolute rate of thromboembolic complications. The overall amount of reduction in symptomatic outcomes is consistent with those attributable to low-molecular-weight heparin in prevention of venous thromboembolism in other clinical settings [20] .
The PROTECHT (PROphylaxis of ThromboEmbolism during CHemoTherapy) study highlighted chemotherapy as an independent risk factor for thromboembolism in a wide cancer population and defined the benefit of thromboprophylaxis [21] . The PROTECHT results have not the impact to change current practice for TE prophylaxis in the overall ambulatory cancer population receiving chemotherapy, otherwise a selection of patients The aims of this retrospective analysis were to identify subgroups of patients at high risk of TEs, stratified according to the type of chemotherapy, who could have an enhanced benefit from TEs prophylaxis.
Patients and methods

Design of the PROTECHT Study
The PROTECHT (PROphylaxis of ThromboEmbolism during CHemoTherapy) was a randomized, group sequential, placebo-controlled, double-blind, multicentre, clinical outcome study (NCT 00951574) [19] . Outpatients with metastatic or locally advanced solid tumours were randomized in a 2:1 ratio to receive either subcutaneous injections of nadroparin (3800 anti-Xa IU once daily) or placebo. Study treatment was started on the same day as chemotherapy and was given for the duration of chemotherapy or up to a maximum of 120 days (+/-10 days). The primary outcome was the composite endpoint of symptomatic venous or arterial thromboembolic events, as adjudicated by an independent committee. Major bleeding was the main safety outcome.
Retrospective analysis of the PROTECHT study population, according to type of chemotherapy and concomitant medications, was carried out. All cytotoxic agents used in ≥ 1% of patients were evaluated. All concomitant medications that might potentially interact with coagulation factors were evaluated: steroids, G-CSF, nonsteroidal anti-inflammatory drugs, aspirin, erythropoietin, blood and related products [9] .
An evaluation of the TE risk according to Khorana score [22] has been evaluated. This predictive score assigns 2 points to very high risk cancer sites (pancreatic or gastric) or 1 point to high risk cancer sites (lung, ovarian or bladder). In addition, 1 point is assigned for each of the followings: platelet count > 350 × 109/L, hemoglobin < 10 g/dl and/or use of erythropoietin-stimulating agents, leukocyte count > 11 × 109/L and body mass index > 35 kg/m2. Patients with a score ≥ 3 are at high risk to develop TEs
The study was done in accordance with the provisions of the Declaration of Helsinki and local regulations. The protocol was approved by the institutional review board at each study centre, and written inform consent was obtained from all patients before randomization.
Statistical Methods
Descriptive statistics refer to all included patients. For continuous variables, the mean, standard deviation, median, minimum and maximum values were calculated. For each discrete variable, the number of cases in each category, in relation to all cases with non-missing values of that variable, was calculated.
Venous and arterial TE rates, grouped by the type of chemotherapy regimen, were reported as risk ratios (RRs) with associated two-tailed 95% CI. The approach adopted for the sub-group analyses consisted in considering findings as hypothesis-generating as a guide to prioritize additional studies. Hence, no adjustment of type I error rate was adopted for the multiplicity of confidence intervals over sub-groups. All statistical calculations were carried out using SAS version 9.1.
Results
Overall, 1150 patients were included in the primary efficacy and safety analyses of the PROTECHT study. Fifteen of the 769 patients treated with nadroparin (2.0%) and 15 of the 381 patients treated with placebo (3.9%) had a thromboembolic event (P = 0.024). Five patients in the nadroparin (0.7%) and none in the placebo group had major bleeding (P = 0.18). The two study arms were well balanced for demographic characteristics and cancer site. Patient characteristics are listed in Table 1 . Most patients were female (51.7%, 595/1150) and chemotherapy naïve (53.7%, 618/1150), with a median age of 64 years (range 27-84). Among the 1150 evaluable patients, the most common cancers were gastrointestinal 36.5% (420/1150), lung 24.3% (279/1150), breast 14.3% (165/1150) and ovarian 12.4% (143/1150). The median number of chemotherapy cycles was 4 in both placebo and treatment groups.
According to Khorana risk score patients at high risk of TEs are equally distributed among the two arms: 8.6% and 11.1% in the nadroparin and placebo group, respectively (Table 2 ).
In the nadroparin arm, chemotherapy regimens containing vinca alkaloids were statistically more frequent (11.7%, 90/769) than in the placebo arm (7.1%, 27/381), but no other differences were found for the other chemotherapeutic regimens.
Concomitant medications that could potentially interact with blood coagulation were equally balanced in both groups. The most common concomitant medication was steroids (77%; 886/1150), granulocyte colony-stimulating factor (G-CSF) (15.2%; 175/1150), nonsteroidal antiinflammatory drugs (NSAID) (11.7%; 135/1150) and erythropoietin (7.8%; 90/1150). Data regarding chemotherapy and concomitant medications by treatment group are shown in Table 3 .
Retrospective analysis results
In the absence of thromboprophylaxis (placebo group), the highest rate of TEs was found in patients receiving gemcitabine (8.1%; 7/86) or cisplatin (7.0%; 6/86). In the small subset receiving etoposide or epirubicin, the rate of TEs was 11.8% (2/17) and 8.3% (2/24), respectively. In patients treated with 5-fluorouracil containing regimens, TEs occurred in 3.3% of cases (5/151) ( Table 4) .
Among platinum agents (cisplatin, carboplatin and oxaliplatin), the highest rate of TEs was found in cisplatin containing regimens (7.0%; 6/86), followed by carboplatin (5.5%; 3/55) and oxaliplatin (1.1%; 1/89) ( Table 4 ). The addition of gemcitabine to platinum compounds (cisplatin or carboplatin) increased the rate of TEs to 10.2% (5/49) ( Table 5 ). When vinca alkaloids were combined with platinum compounds, the risk increased to 9.1% (1/11) ( Table 5) .
Antithrombotic prophylaxis with nadroparin reduced the risk of developing a TE in comparison to placebo in Table 5 ).
The rate of TEs in patients treated with concomitant medications known to potentially interact with blood coagulation has been evaluated ( Table 6 ). In patients administered steroids, thromboprophylaxis reduced the risk of TEs by 40% (RR, 95%CI: 0.60, 0.06 -6.36).
Discussion
Chemotherapy is well known to be an independent risk factor for development of TEs in cancer patients [23] [24] [25] [26] .
In the PROTECHT study [19] , nadroparin was shown to reduce the absolute rate of clinically overt TEs by about 50% in cancer outpatients receiving chemotherapy for metastatic or locally advanced solid tumors in Table 3 Chemotherapy and concomitant medications by treatment group Nadroparin (n = 769) % (n) Placebo (n = 381) % (n) P-value (two tailed)
Chemotherapy regimen containing a : comparison to placebo. Despite the results of the PRO-TECHT study thromboembolic prophylaxis could not be reasonable for the whole ambulatory cancer patients receiving chemotherapy. To improve the risk-benefit ratio of thromboprophylaxis, clinicians should identify patients at higher risk of TEs, who could have more benefit from anticoagulant administration. The aim of our retrospective analysis has been to identify in the PROTECHT population which subgroups of patients were at higher risk of TEs, stratified according to the type of chemotherapy, who could have an enhanced benefit from TEs prophylaxis. Our results suggest that cancer outpatients receiving chemotherapy in the absence of thromboprophylaxis (placebo group) had a high incidence of TEs during treatment with gemcitabine, cisplatin or carboplatin. Etoposide and epirubicin showed also a high rate of TEs, but in a small subgroup of patients. Among platinum agents, cisplatin and carboplatin showed a higher risk of TE complications in comparison to oxaliplatin. Combination therapy of gemcitabine with platinumcompounds (cisplatin or carboplatin) further increased the risk of TEs. Additionally, the combination docetaxel with platinum compounds appeared to increase the risk of TEs, although the sample size was too small to make any definitive conclusions.
The thromboembolic risk of cisplatin and gemcitabine has been previously described [14, 15] . In vitro studies have demonstrated that cisplatin activates platelets, mononuclear cells and endothelial cells, which together may result in a prothrombotic state [27] ; however, the exact role of gemcitabine in the activation of the coagulation cascade and haemostasis remains unknown [14] . Published case series, isolated reports and observational studies have suggested that gemcitabine, particularly if combined with cisplatin, increases the risk of TEs [28] [29] [30] . Cisplatin is already known as a chemotherapy drug with a higher thromboembolic risk in comparison to oxaliplatin [13, 31] . Recently, Moore and colleagues published a large retrospective analysis which confirmed an unacceptable incidence of TEs in cancer patients receiving cisplatin-based chemotherapy [32] .
At the time of the enrolment in the PROTECHT study, targeted therapies were not commonly used in cancer patients. In fact, only 4.2% (48/1150) of patients were treated with trastuzumab, cetuximab or bevacizumab. Nonetheless, it is worthwhile noting that the CALGB 80303 trial [33] recently compared bevacizumab plus gemcitabine versus gemcitabine alone in patients with advanced pancreatic cancer. In that trial, the rates of grade 3/4 venous thrombosis was similar in both arms (14% and 15%, respectively) suggesting that the role of gemcitabine in cancer-induced thrombosis could be prevalent. Of note that currently, the efficacy of thromboprophylaxis in patients receiving antiangiogenic agents remains an open questions to be evaluated in well-designed randomized trials. According to published data [8] , the rate of TEs is more than two-fold higher in chemotherapy naïve patients (5.2%, 11/213) compared to non-naïve patients (2.4%, 4/168). Nadroparin prophylaxis shown a trend in reduction for thromboembolic risk by 52% and 42% in naïve and non-naïve patients, respectively.
The results in the global PROTECHT population have shown that thromboprophylaxis reduced the risk of developing TEs by 48.8% compared to placebo ( [19] . Considering the subgroup of patients receiving cisplatin or carboplatin, thromboprophylaxis reduced the risk of thrombotic complications by 68% and 85%, respectively. Thromboprophylaxis reduced risk of thromboembolic complications in patients receiving gemcitabine by 68%, further decreasing to 78% when gemcitabine was combined with platinum-compounds.
Our retrospective analysis has an exploratory purpose. Subgroup samples have not the adequate statistical power to detect clinically meaningful differences as statistically significant and to adjust p-values for the multiplicity across subgroups [34] . For the same reason, a multivariable analysis testing the interaction between subgroups and study treatment cannot be performed because such a statistical model would be clearly overparameterized. Nevertheless and despite the aforementioned limitations [35] these data could be useful for stratifying the TE risk in ambulatory cancer population, when planning controlled clinical studies.
In conclusion, our results suggest that patients receiving gemcitabine, cisplatin or carboplatin or their combination are at increased risk of TEs. The clinical benefit of thromboprophylaxis with nadroparin, in outpatients receiving chemotherapy, could be even more evident when gemcitabine was combined with platinumcompounds containing regimens. 
